Absfruct. Systematic ophthalmoscopic examinations of 2 51 I Beagles, test animals in 72 long-term toxicological studies, showed archiform thin white stripes in the fundi of 98 animals (3.9%). The stripes occurred in one or both eyes in the non-tapetal fundus of the two lower quadrants. Examinations of the fundus of some dogs by fluorescence angiography and ophthalmoscopy with red-free light showed that these fibriform stripes were in the retina. Histological examination showed these stripes to be nerve fibre bundles (5-120 axons) lying at the ganglion cell layer. The ultrastructure of the fibres did not differ from that of the nonmyelinated neurites of the fibre layer. The stripes may be retinal nerve fibres with a normal structure but could be distinguished from fibres of the nerve fibre layer by their intraretinal location and by their course.
For years, systematic ophthalmologic investigations have been an essential part of toxicological studies on new pharmaceutics and pesticides in animals. These investigations mainly determine which ocular changes seen in long-term studies are congenital, which are due to age or environment and, finally, which are attributed to the pharmacological test substance. The most suitable methods for these studies are slitlamp microscopy of the frontal part of the bulbus and direct or indirect ophthalmoscopy of the fundus. A further advantage of these methods is the possibility of photographic documentation. Routine funduscopic examinations of a large number of Beagles frequently showed that untreated animals had archiform thin white stripes which could be distinguished in the fundus through their difference of refraction. With the ophthalmoscope these stripes seemed to be at the choroid. They resembled sclerotic choroid vessels because of shape, frequently polymorphic configuration, and visibility. Fluorescence angiography of the fundus in some of the dogs, however, showed that these stripes were not altered choroid vessels. Morphologically, however, it has not been established 28 WEISSE/SEITZ/FHESE whether the structures were angioid streaks or intraretinal fibres. This report describes the ophthalmoscopic, histological, and electron microscopy examinations of these structures.
Materials ancl Methods
For 7 years ( I 968-1 974), 2 5 I I ( I 226 males, I 285 females) pure-bred English Beagles, test animals in 72 long-term studies, were regularly given ophthalmologic examinations. The dogs were 8-12 months old when first examined. Thereafter examinations were at 4-8 week intervals, depending upon the duration of the study. At the end of the study period, the dogs were usually 15-18 months old and sometimes 24 months old. Dogs with fundal stripes remained in their original test groups and were examined at the same intervals as the other dogs. Fundal examinations were done on 120 Beagles, averaging 3 months old, to establish the frequency of stripes in young animals.
Pupils were dilated with Roche mydriatic. The frontal part of the eye and the fundus were examined with a Zeiss ophthalmoscope or the Fison binocular ophthalmoscope.
Fundal photographs were taken with the KOWA RC-2 fundus camera (Kowa Comp., Ltd., Tokio).
At the end of the experiment the dogs were killed and the eyes, including optic fasciculus, enucleated. Following fixation in Susa's solution for 24 h and embedding in paraplast, two sections stained with hematoxylin and eosin (HE) from the optic disc were taken for routine examinations by light microscopy. The areas in the fundus with intraretinal fibriform structures to be examined were isolated from the bulbi of four dogs and serial sections prepared (at least 300 sections per series). The following stains were used: HE, trichrome staining according to Masson-Goldner, periodic acid-Schiff (PAS) reaction according to Schiiller, staining of the myelin sheath according to Heidenhain-Wolcke and Kliiver-Barrera.
For the electron microscopy 0.2 nil 2.5% glutaraldehyde (480-490 mOsni, phosphate buffer, pH 7.4) was injected intraocularly and the bulbi fixed in the same solution for 5 h.
Some 10-15 retina samples per eye, approximate sizes 2 mm2, were cut out of the areas to be investigated. These areas were cut into trapeziums so that transverse sections through the fibriform structures could be obtained for orientational studies. After rinsing in a wash solution (pH 7.2, 0.2, cacodylate buffer with 7.525 g saccharose/lOO ml) the blocks were fixed in I % aqueous OsO, solution for I h. Thereafter, the sections were embedded in Durcupan (Fluka). Thin sections were prepared using a Reichert-OmU3-ultramicrotome and stained with 2% uranyl acetate and 0.1% lead citrate [4] ; the sections were examined using the Siemens Elmiskop 101. 80 kv tube tension.
Resir Its
Ninety-eight during examinations, the fibriform structures were either a dull greyishwhite or a glittering silver-grey colour. In indirect white light they could not be seen, but could be seen easily in red-free light. In all cases, they were in the non-tapetal fundus of the two lower quadrants and extended in nasal or temporal direction up to the limit of the tapetum lucidum. The ends of these structures were not clearly defined. They were not seen in the tapetum lucidum. The structures always were curved. Thus, they were not in the normal radial pattern of the retinal nerve fibres, but cut across this retinal layer almost at right angles. They frequently followed the retinal vessels for some distance, then diverged to follow an independent course. Their lengths were from 1 % to 6 optic diameters; widths were between the caliber of a capillary and that of a medium retinal venule. In most dogs, they did not continue up to the papilla ( fig. 2) ; however, in some dogs the stripes could be followed up to the optic disc. As a rule, several fibres (up to 10) of different caliber ran closely together in groups. Solitary fibres, however, were also seen. Because these fibres, independent of the light used, were always seen at the same place in the individual eye ( fig. 3) it can be concluded that they are discrete structures and not ophthalmoscopic phenomena. During 12 months of observations we saw no changes in either location or direction of course of these structures. The youngest dogs with these stripes were 3 months old, the oldest 2 years. Fluorescence angiography showed that these archiform structures were neither choroid vessels nor angioid streaks, i.e., ruptures of Bruch's membrane ( fig. 4) . These fibriform structures were, on the contrary, in the retina; i.e., at or below the vascular layer of the retina. Crossing retinal vessels seemed to interrupt the course of these fibres. In 83 of 98 dogs (55 males, 43 females) intraretinal fibres could be detected only in one eye; in 18 dogs the fibres were in the right eye, and in 65 dogs the left eye. In 15 Beagles these stripes were in both eyes. The distribution over the individual quadrants can be seen in figure 5 . Although the stripes almost exclusively were in the two lower quadrants, there was a predilection for the lower nasal quadrant.
Although stripes could be seen clinically, histological confirmation was possible only when the plane of section, originally not considered relevant, was determined for the individual case. For this reason, four fundal areas in which the nerve fibre layer and intraretinal fibres crossed at right angles were dissected. Sections were made parallel to the course of the nerve fibres. In all four series, the serial sections showed an almost identical retinal structural finding. This can be seen from two histological preparations of two series ( fig. 6, 7) . 
Fig. 5. Frequency d i s t r i b u t i o n of t h e archiform stripes over t h e quadrants of t h e fundus.
Rods and cones, the lamina limitans externa, the outer nuclear layer, the outer plexiform layer, and the inner nuclear layer were free from alterations. At the ganglion cell layer we saw individual sections through transverse oval or round nerve fibre bundles. These fibre bundles cut transversly were covered by the nonmyelinated neurites of the nerve fibre layer and the lamina liniitans interna. In all series the location of these sections was similar, and independent of whether the fibre bundles were located near the papilla or in the peripheral area. When the solitary nerve fibre bundles were in the periphery of the papilla below a thick layer of nerve fibres, the surface of the retina was of normal smoothness ( fig. 6 ) . In the retinal periphery, a flat swelling extending into the vitreous could frequently be seen when the number of crossing optic nerve fibres was reduced ( fig. 7) . These nerve fibre bundles were covered by retinal arterioles and venules and only in isolated cases were they seen at or below these fibres. The interstices between neighbouring fibre bundles were filled with Muller's fibres, whose course could easily be followed, particularly in the inner layers of the retina. With solitary fibre bundles it often seemed that the inner cytoplasmic processes of these retinal Fig. 8 (for legend see page 33) Aberrant Retinal Nerve Bundles 33 glia cells did not just border on the nerve fibre bundles, but completely surrounded them. A perineurium was not seen. The number of sections through axis cylinders varied from five to 120 per fibre bundle.
Electron microscopy showed bundles of nonmyelinated nerve fibres between longitudinal or tangential sections through neurites of the nerve fibre layer and the inner plexiform layer. The bundles had from five to 120 dense axon sections and were 0.3-3 pm in diameter. These were surrounded by cytoplasm from neighbouring Miiller's cells ( fig. 8) ; this could especially be seen at the periphery. A comparison of cross sections through neurites of the nerve fibre layer shows that fasciculation and ultrastructure of the axons running in both directions were identical ( fig. 9 ).
Discussion
The fibriform or solitary structures seen in the fundi of the test dogs had intraretinal changes. Histological investigations and electron microscopy showed that these alterations are retinal nerve fibres. They do not differ from the nonmyelinated neurites of the optic nerve fibre layer in either ultrastructure or fasciculation, but do differ in their intraretinal location and their course. Therefore, they could only be detected histologically when a particular plane of section was used. Because of ultrastructural similarity to fibres of the nerve fibre layer the original assumption that these structures are aberrant fibres of the long ciliary nerves ( N . ciliures longi), altered choroid vessels or angioid streaks is remote. Neither can they be branches of the short ciliary nerves ( N . ciliures breves) , since the intraretinal fibres had no sheath of Schwann and serial sections showed that they were not connected with the choroid. When the stripes were not running at right angles to the nerve fibres, but had assumed the same course, the nerve fibre bundles distinctly turned towards the papilla. Histological and electronmicroscopical similarities of these fibres to normal nerve fibres explains why in ophthal- moscopic examinations they could no longer be distinguished when running parallel to the fibres of the nerve fibre layer. Therefore, these nerve fibre formations are not abnormal, but simply aberrant nerve fibres of the retina, representing a rather frequent anatomic finding in the dog. The aberrant fibre bundles are not the result of a retinal nerve fibre dysplasia, but simply a variation of the nerve fibre course.
In the literature, archiform stripes in the fundus of the dog have been described [l-31. These stripes were seen in a half-breed Spaniel [2]. On the basis of ophthalmoscopic examinations the stripes were described as myelinated nerve fibres which, because they were readily visible, indicated a normal nerve fibre pattern of the fundus. These stripes have been described as a fundal variation in the dog and interpreted as nerve bundles of the choroid, lying near to the pigment epithelium in the retina [3] . To these interpretations should be added that they are aberrant retinal nerve fibres with a normal histological structure. We could not determine if nuclei of the outer nuclear layer, as well as rods and cones and ganglion cells, are connected to the solitary fibre bundles, and whether or not they serve a purpose.
